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RESUMO

Dissertacéo de Mestrado
Programa de Pés-Graduacgdo em Ciéncias Biologicas: Bioguimica Toxicoldgica

Universidade Federal de Santa Maria, RS, Brasil

AVALIACAO DA CAPACIDADE DO DISSELENETO DE DIFENILA EM REDUZIR
A FALENCIA HEPATICA AGUDA INDUZIDA POR PARACETAMOL EM
CAMUNDONGOS

AUTOR: EDOVANDO JOSE FLORES DA ROSA
ORIENTADOR: FELIX ALEXANDRE ANTUNES SOARES
Local e Data da Defesa: Santa Maria, 18 de setembro de 2013.

O paracetamol (APAP) é comumente usado como analgésico e antipirético, porém doses
elevadas podem induzir dano hepatico. O metabdlito N-acetil-p-benzoquinina imina (NAPQI),
é responsavel pelos efeitos toxicos. O acumulo deste metabdlito ocasiona estresse oxidativo,
morte celular e necrose tecidual. A toxicidade do APAP também estd relacionada com
desenvolvimento de inflamacdo, acimulo de neutrofilos e liberacdo de mediadores proé-
inflamatorios. O tratamento consiste na administracdo de N-acetilcisteina, a qual deve ser
administrada relativamente cedo. O disseleneto de difenila (PhSe), é um composto organico
de selénio que apresenta atividade antioxidante e propriedades farmacoldgicas. O objetivo
deste estudo é avaliar a capacidade do (PhSe), em reduzir a faléncia hepética aguda induzida
pelo APAP em camundongos. Os animais receberam APAP 600 mg/kg, e 1h apds foram
tratados com (PhSe), 15,6 mg/kg. Apds 4 h da administracdo de APAP coletou-se amostras
de soro e tecido hepatico para as analises. O APAP ocasionou severo dano hepético, inducao
de estresse oxidativo e reducdo dos niveis de glutationa. O APAP também provocou aumento
na atividade da mieloperoxidase. O tratamento com (PhSe), mostrou-se efetivo na reducéo
das alteracdes geradas pelo APAP, sugerindo uma opcao terapéutica promissora para o

tratamento da faléncia hepética aguda.

Palavras chaves: Paracetamol, faléncia hepéatica aguda, disseleneto de difenila, estresse

oxidativo, inflamacao.



ABSTRACT
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EVALUATION OF THE CAPACITY OF DIPHENYL DISELENIDE IN REDUCING
ACUTE LIVER FAILURE INDUCED BY PARACETAMOL IN MICE

AUTHOR: EDOVANDO JOSE FLORES DA ROSA
ADVISOR: FELIX ALEXANDRE ANTUNES SOARES
Date and Place of the Defense: Santa Maria, 18" September 2013

Paracetamol (APAP) is commonly used analgesic and antipyretic, however high doses can
induce damage hepatic. The metabolic N-acetyl-p-benzoquinone imine (NAPQI) is
responsible for the toxic effects. The accumulation of this metabolic causes oxidative stress,
cellular death and tissue necrosis. Toxicity of APAP is also related to development of
inflammation, accumulation of neutrophils and release of proinflammatory mediators. The
treatment consists of the N-acetylcysteine administration, which it must be administered
quickly. The diphenyl diselenide (PhSe), is an organoselenium compound that exhibit
antioxidant activity and pharmacological proprieties. The aim of this study is evaluate the
ability of (PhSe); in reducing acute liver failure induced by APAP in mice. The animals
received APAP 600 mg/kg, and after 1h were treated with (PhSe), 15.6 mg/kg. After 4h
APAP administration was collected serum and hepatic tissue for analysis. APAP
administration caused severe damage hepatic, oxidative stress induction and glutathione levels
reduction. APAP also caused increase of myeloperoxidase activity. The treatment with
(PhSe), was effective in reduction of alterations caused by APAP, suggesting a promising

therapeutic option for the treatment of acute liver failure.

Keywords: Paracetamol, acute liver failure, diphenyl diselenide, oxidative stress,

inflammation.
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APRESENTACAO

No item INTRODUCAO, esta descrita uma sucinta revisdo bibliografica sobre os
temas abordados nesta dissertacgéo.

O desenvolvimento referente a esta dissertacdo estdo apresentados sob a forma de
artigo publicado na revista Toxicologic Pathology o qual encontra-se no item ARTIGO
CIENTIFICO. As secbes Materiais e Métodos, Resultados, Discussdo dos Resultados,
Conclusdo e Referéncias Bibliograficas, encontram-se no proprio artigo e representam a
integra deste estudo.

Os itens CONCLUSAO E PERSPECTIVAS sio encontrados no final desta
dissertacdo, apresentam interpretacdes e comentarios gerais sobre o trabalho desenvolvido.

As REFERENCIAS BIBLIOGRAFICAS referem-se somente as citacbes que
aparecem no item INTRODUGCAO desta dissertacdo, uma vez que o artigo cientifico contem

suas proprias referéncias.
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1 INTRODUCAO

O paracetamol (N-acetil-p-aminofenol, APAP) é uma droga amplamente usada como
analgésico e antipirético. O APAP foi sintetizado por Morse em 1878, e foi lancado
comercialmente a partir de 1950 em substituicdo a fenacetina, a qual apresentava efeitos
nefrotoxicos (BERTOLINI et al., 2006). O APAP, embora seja um anti-inflamatério nédo
esteroidal (AINE), possui acdo antiinflamatoria fraca e ndo apresenta os efeitos colaterais que
os demais farmacos desta classe (BERTOLINI et al., 2006). Estudos tém demonstrado que
sua acdo esta relacionada com a inibicdo seletiva da ciclooxigenase-2 (COX-2), a qual é
responsavel pela sintese de mediadores responsaveis pela dor e pela febre (HINZ;
CHEREMINA; BRUNE, 2008).

A overdose de APAP é a causa mais frequente de faléncia hepatica induzida por
drogas nos Estados Unidos e Gré Bretanha (LEE, W. M., 2004; OSTAPOWICZ et al., 2002)
. Nos Estados Unidos a maioria dos casos de faléncia hepética aguda (FHA) eram
relacionados a hepatite do tipo B, antes da era dos transplantes, e hoje a maioria dos casos esta
relacionada com intoxicacbes com APAP. Um estudo realizado pelo Grupo de Estudos de
Faléncia Hepatica Aguda (ALFSG) Norte Americano, mostrou que aproximadamente 50% do
total de casos de FHA sdo devidos a intoxicacdo com APAP, e estes apresentam uma
sobrevivéncia global de 75%, enquanto que a hepatite B é responsavel por aproximadamente
7% do total de casos de FHA (LEE, WILLIAM M., 2012). O uso do APAP tem sido atribuido
a casos de tentativas de suicidios, no entanto, ha um numero crescente de casos de overdose
acidental devido a presenga de APAP em diferentes formulagdes farmacéuticas (JAESCHKE,
HARTMUT et al., 2012). O APAP é rapidamente absorvido no trato gastrointestinal e a
biodisponibilidade, apds a administracdo oral de uma dose terapéutica, € de 88%. O pico de
concentracdo plasmatica ocorre em 30 a 60 minutos (GOODMAN, 2003). Ele sofre
metabolizacdo hepaética, e € conjugado com &cido glicurdnico (cerca de 60%), sulfato (cerca
de35%) ou cisteina (cerca de 3%), e uma pequena parte pode ser desviada para metabolizacdo
pelo sistema citocromo P450 (CIP450) (figura 1), e a sua toxicidade esta relacionada a doses
entre 4 e 10 gramas (GOODMAN, 2003). A metabolizacdo do APAP pelo CIP450,
principalmente pela isoforma CIP2E1, gera um intermediario altamente reativo, o N-acetil-p-
benzoquinona imina (NAPQI), o qual é responsavel pelos efeitos hepatotoxicos do APAP. O
NAPQI é altamente eletrofilico e reage com o grupo nucleofilico sulfidrila da glutationa

(GSH), sendo excretado na forma de &cido mercaptdrico na urina (figura 1) (MANYIKE et
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al., 2000; NELSON, 1990). Doses tdxicas de APAP promovem a exaustdo dos niveis de
sulfato, antes mesmo da maior parte da droga sofrer biotransformagdo. Como o processo de
glicuronidacdo é de velocidade limitada, a maior parte da droga € desviada para
biotransformacdo pelo CIP450. Isso gera um aumento na formacdo do NAPQI e
subsequentemente deplecdo dos niveis de GSH hepaticos (figura 1) (MANYIKE et al., 2000;
NELSON, 1990). O NAPQI comeca a se acumular e a reagir covalentemente com
grupamentos sulfidrilicos presentes em proteinas, ocasionando a formacdo de aductos de
proteinas, estresse oxidativo (EO), disfuncdo mitocondrial, morte celular e necrose tecidual
(JAESCHKE, HARTMUT et al.,, 2012). APAP pode causar hepatotoxicidade direta,
ocasionando disruptura da vasculatura hepatica, além de perturbacdo dentro do endotélio que
envolve inchaco das células sinusoidais endoteliais, formacdo de aberturas e coalescéncia das
fenestras. Isto pode levar uma infiltracdo de células vermelhas sanguineas através das
aberturas formadas e ao acumulo no espaco Disse, caracterizando uma desordem
microvascular (ITO et al., 2003; MCCUSKEY, R. S., 2008; MCCUSKEY, ROBERT S. et
al., 2005). A toxicidade do APAP também esta relacionada com a ocorréncia de inflamacéo,
acumulo de neutrofilos e liberagdo de mediadores pro-inflamatorios (JAESCHKE, H.;
KNIGHT; BAJT, 2003; JAMES; MAYEUX; HINSON, 2003).

Em casos de intoxicagdo com APAP o tratamento consiste na administragdo de N-
acetilcisteina (NAC), um precursor de GSH. A NAC reduz o dano hepético por aumentar 0s
niveis de GSH reduzindo os efeitos do metabolito NAPQI (BAJT et al., 2004; KELLY, 1998;
TERNEUS et al., 2007); a NAC ¢ desacetilada para cisteina, a qual é rapidamente oxidada
para cistina e entdo transportada para o interior da célula onde é reduzida para cisteina para a
sintese de GSH. No entanto, devido a bioativacdo do APAP a NAPQI, e o EO causado pela
répida deplecdo dos niveis de GSH, ser um passo inicial na patogénese do dano hepético
induzido pelo APAP, a NAC deve ser administrada relativamente cedo, antes que uma
elevacdo significativa das enzimas alanina aminotransferase (ALT) e aspartato
aminotransferase (AST) ocorram. A administragdo da NAC € mais eficaz quando
administrada dentro de 10 horas, ap06s este periodo os efeitos sdo menos significativos
(GREEN et al., 2013; LATCHOUMYCANDANE et al., 2007). Diversos estudos
demonstram que o EO desempenha um papel importante na inducdo da faléncia hepética
gerada por altas doses de APAP, evidenciado pelo aumento nos niveis de espécies reativas
(ERs) e aumento da peroxidacdo lipidica (PL) (BAJT et al., 2004; BESSEMS, 2001;
SCHNELLMANN et al., 1999). Devido a importancia do EO neste processo, diversas

substancias com propriedades antioxidantes tém sido testadas contra a hepatotoxicidade
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gerada por esta droga (GHOSH, A.; SIL, 2007; GHOSH, J. et al., 2010; REISMAN et al.,
2009).

Acetaminophen
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Figura 1: Mecanismo de metabolizacdo do paracetamol, adaptado de Katzung B. G., Trevor A. J.: Basics &
Clinical Pharmacology, 11™ Edition.

O EO pode ser caracterizado como um desequilibrio entre a geracdo de ERs e a
capacidade do organismo de neutraliza-las, favorecendo um status pré-oxidante. Isto pode
ocorrer tanto por uma elevacdo na producdo ERs quanto pela reducdo da capacidade
antioxidante do organismo ou por ambas. (HALLIWELL, 2006; HALLIWELL; CROSS,
1994). As células aerdbias estdo continuamente produzindo ERs durante seus processos
metabolicos. As ERs sdo importantes por estarem envolvidas em diferentes processos
fisiologicos no organismo tais como, sinalizagdo celular, defesa contra patdgenos,

manuten¢do da “homeostase redox” e resposta inflamatéria (HALLIWELL, 2006;
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HALLIWELL; CROSS, 1994). Porém a elevacdo exacerbada das ERs pode gerar dano
oxidativo ocasionando uma disfungdo em 6rgaos e tecidos, podendo levar ao desenvolvimento
de processos patologicos (HALLIWELL, 2006). As ERs envolvem os radicais livres (RLS),
que sdo espécies gque possuem um ou mais elétrons desemparelhados na sua camada de
valéncia, e também espécies ndo radicalares. Dentro das diferentes ERs podemos destacar as
espécies reativas de oxigénio (EROs) e as espécies reativas de nitrogénio (ERNS)
(HALLIWELL, 2006). As EROs e ERNs mais importantes produzidas nos sistemas
bioldgicos estdo o radical anion superoxido (O;), o radical hidroxil (OH’), o perdxido de
hidrogénio (H,0,), o 6xido nitrico (NO) e peroxinitrito (ONOO’). Como mecanismo de
protecdo contra as ERs, e consequentemente ao dano oxidativo, o organismo dispde de
sistemas antioxidantes que podem ser enzimaticos (superoxido dismutase (SOD), catalase
(CAT), glutationa peroxidase (GSH-Px), glutationa-S-transferase (GST)) ou ndo-enzimaticos
(vitaminas A, E, D, glutationa reduzida (GSH), os flavonoides) (AUGUSTO et al., 2002;
HALLIWELL, 2006).

A enzima SOD previne dano oxidativo catalisando a dismutacdo do O, gerado em
processos celulares a H,O,, o0 qual é posteriormente degradado pela acdo da CAT e GHP-Px.
A CAT é uma enzima que possui um centro metalico que reage com H,O, decompondo-o a
agua e O,. A enzima GSH-Px catalisa a redu¢do do H,O, utilizando GSH como doadora de
elétrons a qual é regenerada pela glutationa redutase (GR). A GSH é um tripeptideo composto
por residuos de L-cisteina, L-glutamato e glicina e também é utilizada como substrato pela
GST, uma enzima que atua na detoxificacdo de agentes alquilantes (HALLIWELL, 2006;
HALLIWELL; CROSS, 1994). A vitamina C (Ascorbato) e a vitamina E (a-tocoferol) sdo
dois antioxidantes ndo proteicos obtidos da dieta. O ascorbato reage com espécies ferril e
radicais de aminoacidos, inibindo lesdes oxidativa induzidas por heme proteinas e H,0,, e
também sequestra outras espécies reativas. O grupo —OH fendlico do a-tocoferol rapidamente
sequestra radicais peroxil, resultando na formacdo de radicais tocoferil, os quais ttm uma
capacidade muito menor de propagar a peroxidacdo lipidica. O radical tocoferil é reduzido in
vivo pela reagdo direta com ascorbato ou ubiquinol, ou por mecanismos enzimaticos
(AUGUSTO et al., 2002; HALLIWELL, 2006).

O selénio é um elemento traco cuja importancia nutricional foi demonstrada em 1957
pelo médico alemdo Klaus Schwarz, especialista em doencas hepéticas e pesquisador do
Instituto Nacional de Salde dos Estados Unidos. Ele observou que murinos expostos a
extratos de leveduras ndo desenvolveram necrose hepatica e que esta protecdo estava

relacionada com o selénio, até entdo considerado um elemento toxico (SCHWARTZ e
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FLOTSZ, 1957). Em 1960 pesquisadores demonstraram que sindromes em animais como, a
distrofia muscular em gado e doengas cardiacas em suinos, estavam relacionadas a uma baixa
suplementacdo de selénio. A partir destes estudos este elemento passou a entdo ser
considerado um nutriente essencial para os mamiferos (BIRRINGER; PILAWA; FLOHE,
2002; FLOHE et al., 2000; KOHRLE, 1999). Atualmente sabe-se que a manutencdo dos
niveis de selénio é importante para a prevencdo de doencas. Estudos tém apontado que niveis
baixos de selénio podem contribuir para o desenvolvimento de algumas doengas como
diabetes, esclerose, doencas cardiovasculares entre outras (NAVARRO-ALARCON; LOPEZ-
MARTINEZ, 2000). A contribui¢do do selénio para o sistema antioxidante foi descoberta em
1973, ao se identificar a sua participagédo no sitio ativo da enzima GSH-Px (ROTRUCK et al.,
1973). A GSH-Px é uma selenoenzima que atua catalisando a reducdo de perdxido de
hidrogénio e hidroperoxidos mantendo desta forma os niveis adequados de peroxidos
intracelulares, e consequentemente reduzindo o potencial lesivo destas ERs (BEHNE;
KYRIAKOPOULOS, 2001; VALKO et al., 2007).

O interesse em compostos de organosélenio se intensificou nos Gltimos anos devido
aos seus potencias farmacoldgicos, e principalmente antioxidantes, devido ao EO estar
relacionado com a etiologia de diversas doencas (COMMANDEUR; ROOSEBOOM;
VERMEULEN, 2001; KLOTZ; SIES, 2003). Um destes compostos € o disseleneto de
difenila [(PhSe).] (figura 2), o qual ja demonstrou possuir propriedades neuroprotetora,
hepatoprotetora e antiinflamatdria. Além de apresentar menor toxicidade que outros
compostos de organosélenio. A capacidade antioxidante do (PhSe), é relacionada em parte a
sua acdo mimética a glutationa peroxidase (BORGES et al., 2005; NOGUEIRA et al., 2003;
NOGUEIRA; ZENI; ROCHA, 2004).

Se

Figura 2: Estrutura quimica do disseleneto de difenila

Porém a acgdo antioxidante do (PhSe), ndo esta totalmente esclarecida, em baixas doses ele
ndo apresenta acdo mimética a GSH-Px (NOGUEIRA et al., 2004; OGUNMOYOLE et al.,
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2009; STRALIOTTO et al., 2010). O (PhSe), demonstrou acdo protetora em diferentes
modelos experimentais, como por exemplo, a capacidade de reduzir o dano oxidativo
induzido por glicerol em rins de ratos (BRANDAO et al.,, 2009), a PL induzida por
nitroprussiato e acido quinolinico em homogeneizados de cérebros (BORGES et al., 2005) e
reduziu o dano hepético induzido por 2-nitropropano em ratos (ROSSATO et al., 2002).
Estudos tém demonstrado que além da acdo antioxidante este composto também apresenta
acdo antiinflamatoria (BRUNING et al., 2012; LUCHESE et al., 2012; SAVEGNAGO et al.,
2007). Wilhelm e colaboradores demostraram que o (PhSe), foi eficaz na prevencdo do dano
hepéatico induzido por APAP em ratos. Os ratos foram pré-tratados com duas doses de
31mg/kg (PhSe), por dois dias, no terceiro dia os animais receberam APAP 2g/kg. Os
animais que foram pré-tratados com (PhSe), apresentaram menor dano oxidativo e maior
preservacdo do tecido hepatico, quando comparados aos animais que receberam somente
APAP (WILHELM et al., 2009)

Tendo em vista 0 aumento dos casos de intoxicagcdo com APAP, os danos ocasionados
por esta droga e a falta de tratamentos alternativos a NAC, o objetivo deste estudo foi

investigar qual o efeito do (PhSe), no tratamento de camundongos intoxicados com APAP.
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar a capacidade do disseleneto de difenila em reverter o estresse oxidativo e o

dano hepatico agudo induzido por uma dose toxica de paracetamol em camundongos.

2.2 Objetivos especificos

e Auvaliar o efeito do (PhSe), sobre os marcadores de estresse oxidativo no tecido
hepatico.

e Auvaliar o efeito do (PhSe), na atividade da enzima mieloperoxidase.

e Auvaliar o efeitos do (PhSe), sobre a viabilidade celular do tecido hepatico.

e Auvaliar a eficécia do tratamento com (PhSe), na manutencdo da integridade do
tecido hepético

e Auvaliar a capacidade (PhSe), em reduzir acdo do APAP sobre os niveis de
GSH.
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3 DESENVOLVIMENTO

O desenvolvimento que faz parte desta dissertacdo esta apresentado sob a forma de
artigo cientifico. Os itens Materiais e Métodos, Resultados, Discussdo dos Resultados e
Referéncias Bibliograficas encontram-se no proprio artigo. O artigo encontra-se na

formatacédo de publicacdo da revista cientifica Toxicologic Pathology.



20

ARTIGO: REDUCAO DO DANO HEPATICO AGUDO INDUZIDO POR
ACETAMINOFENO APOS TRATAMENTO COM DISSELENETO DE DIFENILA
EM CAMUNDONGOS

Artigo cientifico publicado na revista Toxicologic Pathology

Reduction of Acute Hepatic Damage Induced by Acetaminophen after

Treatment with Diphenyl Diselenide in Mice

Edovando J. F. da Rosa, Michele Hinerasky da Silva, Nelson Rodrigues Carvalho,
Jessika Cristina Bridi, Jodo Batista Teixeira da Rocha, Sara Carbajo-Pescado, Jose L. Mauriz,
Javier Gonzélez-Gallego, Félix A. A. Soares

Toxicologic Pathology, 2012, Published online, 40 (4): 605-6013
DOI: 10.1177/0192623311436179



Toxicologic Pathology, 40: 605-613, 2012
Copyright © 2012 by The Author(s)
ISSN: 0192-6233 print / 1533-1601 online
DOL: 10.1177/0192623311436179

21
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JoAo BATiSTA TEIXEIRA DA ROCHAI, SARA CARB/\JO—PES(‘ADORz, Jose Luiz MALJR[ZZ, JAVIER GONZALEZ-GALLEGOZ, AND
FELIX ALEXANDRE ANTUNES SOARES'

'Departamento de Quimica, Centro de Ciéncias Naturais e Exatas, Universidade Federal de Santa Maria, Campus
UFSM, Santa Maria, RS, Brasil
Centro de Investigacion Bioméedica en Red de Enfermedades Hepdticas y Digestivas (CIBERehd) and Institute
of Biomedicine (IBIOMED), University of Leon, Spain

ABSTRACT

In this study, the authors evaluated the ability of diphenyl diselenide (PhSe), to reverse acute hepatic failure induced by acetaminophen (APAP)
in mice. The animals received an APAP dose of 600 mg/kg intraperitoneally (i.p.), and then 1 hour later, they received 15.6 mg/kg i.p. of (PhSe),.
Three hours after (PhSe), administration, the animals were sacrificed and blood and liver samples were collected for analysis. The serum alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) levels were measured. The levels of reduced glutathione (GSH) and oxidized glu-
tathione (GSSG), thiobarbituric acid-reactive substances (TBARS), 2°,7 -dichlorofluorescein (DFC), catalase activity (CAT), and myeloperoxidase
(MPO) activity were determined in the liver, A methyl-tetrazolium reduction (MTT) assay was also performed on the liver. Histopathological studies
were conducted in all groups. Exposure of animals to APAP induced oxidative stress, increased lipid peroxidation (LPO), and the generation of reac-
tive species, reduced the levels of GSH, and caused an increase in the MPO activity, Treatment with (PhSe), reduced LPO and the formation of
reactive species and inhibited the processes of inflammation, reducing the hepatic damage induced by APAP. The results of this study show that

(PhSe), is a promising therapeutic option for the treatment of acute hepatic failure.

Keywords: acetaminophen; diphenyl diselenide; acute hepatic failure; oxidative stress; inflammation
INTRODUCTION therapeutic doses, NAPQI is efficiently detoxified by glu-
. . tathione (GSH) and eliminated in the urine or bile (Manyike
Acetaminophen  (N-acetyl-p-aminophenol; APAP), a ( ) ( Y

commonly used analgesic and antipyretic drug, can induce severe
hepatotoxicity following accidental or intentional overdose in
both experimental animals and humans (Kaufman et al. 2002).
APAP overdose is the most frequent cause of drug-induced liver
failure in the United States and Great Britain and the second lead-
ing cause of liver transplants, both of which are associated with
considerable morbidity and mortality (Lee 2004; Ostapowicz et
al. 2002). The characteristic dose-dependent hepatotoxicity of
an APAP overdose results from the cytochrome P450-mediated
oxidative metabolism of APAP, yielding the highly reactive
metabolite N-acetyl-p-benzoquinone imine (NAPQI). At
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et al. 2000; Nelson 1990). After an overdose or chronic,
long-term use of APAP, the glucuronidation and sulfation
routes become saturated, and more extensive bioactivation of
APAP occurs, leading to the rapid depletion of the hepatic GSH
pool. Subsequently, NAPQI binds to cellular proteins, includ-
ing a number of mitochondrial proteins, which in turn causes
oxidative stress that triggers cell death and tissue necrosis
(Jaeschke, Knight, and Bajt 2003; James, Mayeux, and
Hinson 2003). The cytotoxicity of APAP is also related to
inflammation; the accumulation of neutrophils; and the release
of proinflammatory and cytotoxic mediators, such as reactive
oxygen and nitrogen intermediates and hydrolytic enzymes
(Laskin and Laskin 2001; Luster et al. 2001).

Several previously published studies have shown that oxi-
dative stress plays an important role in the development of
hepatic failure from hepatotoxic doses of APAP, as evidenced
by the elevated levels of reactive species and increased lipid per-
oxidation (LPO) (Bajt et al. 2004; Bessems and Vermeulen
2001; Schnellmann et al. 1999). Because of this role of oxida-
tive stress, several substances with antioxidant properties
have been tested as protectants against the hepatotoxicity of
APAP (Ghosh and Sil 2007; Ghosh et al. 2010; Reisman
et al. 2009).
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The interest in organoselenium compounds has intensified
because of their pharmacological potential—particularly
their antioxidant potential—because oxidative stress has been
implicated in the etiology of various diseases (Commandeur,
Rooseboom, and Vermeulen 2001; Klotz and Sies 2003). Of
these compounds, diphenyl diselenide [(PhSe),] has been
shown to have neuroprotective, hepatoprotective, and anti-
inflammatory properties, in addition to being less toxic than
other selenium compounds (Borges, Borges, et al. 2005;
Nogueira, Quinhones, et al. 2003; Nogueira, Zeni, and Rocha
2004). (PhSe), has the ability to reduce oxidative damage
induced by glycerol in the kidneys of rats, LPO induced by
nitroprusside and quinolinic acid in brain homogenates, and
acute hepatic damage induced by 2-nitropropane in rats
(Borges, Borges, et al. 2005; Brandao et al. 2009; Rossato
et al. 2002). The antioxidant capacity of (PhSe), is related in
part to its glutathione peroxidase (GPx)-mimetic action. GPx
enzymes are selenoenzymes that protect against oxidative
stress by catalyzing the reduction of hydroperoxides; however,
the mechanisms involved in this antioxidant action are not
entirely clear (Nogueira, Zeni, and Rocha 2004; Ogunmoyole
et al. 2009; Straliotto et al. 2010). The toxicity of (PhSe),
depends on the route of administration and the species; the
LDsq calculated for intraperitoneal (i.p.) administration in mice
is 655 mg/kg (210 pmol/kg) (Nogueira, Meotti, et al. 2003). In
contrast, high doses of (PhSe), inhibit 3-ALA-D activity in
vitro in human blood (Nogueira, Borges, et al. 2003) and cere-
bral Nat, K"-ATPase activity (Borges, Rocha, and Nogueira
2005) by interacting with the SH groups of these enzymes
(Brandio, de Oliveira, and Nogueira 2010). However, studies
have shown that (PhSe), at a low concentration does not have
a toxic effect (Rosa et al. 2007; Straliotto et al. 2010).

A previous study using (PhSe), (31 mg/kg of body weight
given orally for 2 days) as a pretreatment for rats exposed to
APAP demonstrated beneficial effects by preventing APAP-
associated hepatotoxicity, reducing LPO and preventing a
decrease in the ascorbic acid levels (Wilhelm et al. 2009).

In cases of APAP overdose, treatment primarily consists of
the administration of N-acetylcysteine (NAC), a precursor of
GSH. NAC reduces hepatic damage by increasing GSH levels
and antagonizing the oxidative stress induced by NAPQI (Bajt
et al. 2004; Kelly 1998; Mitchell et al. 1973; Terneus et al.
2007). However, for NAC to be effective, it must be adminis-
tered quickly before the elevation of the alanine transaminase
(ALT) level is seen (Latchoumycandane et al. 2007). There-
fore, the search for alternative treatments that can be effective
in patients intoxicated with APAP is necessary. In view of these
facts, we evaluated the effects of (PhSe), on mice given an
overdose of APAP.

MATERIALS AND METHODS
Chemicals

Diphenyl diselenide (PhSe), was prepared as previously
described Paulmier (1986) and was dissolved in canola oil.
Analysis of the "THNMR and >*CNMR spectra showed that
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(PhSe), presented analytical and spectroscopic data in full
agreement with its assigned structure. The chemical purity of
(PhSe) (99.9%) was determined by GC/HPLC. This drug was
dissolved in canola oil, which was obtained from a standard
commercial supplier. All other chemicals were of analytical
grade and obtained from standard commercial suppliers.

Animals

Male adult Swiss albino mice (2 months old, 25-35 g) from
our own breeding colony were used. The animals were kept in a
separate animal room, on a 12 h light/dark cycle, at temperature
of 22 + 2°C, with free access to food and water. This study
was approved by the Ethics and Animal Welfare Committee
of Federal University of Santa Maria, Brazil.

Experimental Protocol

The animals were divided into four groups, with 6 mice
each. Groups 1 (control) and 2 [(PhSe),] received the vehicle
of APAP (saline 0.9%, 20 ml/kg i.p.) and 1 h after they both
received vehicle of (PhSe), (canola oil 2.5 ml/kg ip.) or
(PhSe), (15.6 mg/kg i.p.) (Rosa et al. 2007), respectively.
Groups 3 (APAP) and 4 (APAP + (PhSe),) received APAP
(600 mg/kg i.p.) (Chan, Han, and Kan 2001) dissolved in warm
buffered saline, and 1 h after they received vehicle or (PhSe),,
respectively. The intraperitoneal route of administration was
used, because it provides a higher effect of (PhSe), than the
oral route at the same time, being more efficient for this kind
of treatment. All animals were sacrificed 3 hours after receiv-
ing (PhSe), or vehicle. The animals were anesthetized with
equitesin (3 ml/kg 1.p.), and blood collection was done by heart
puncture. The anesthesia does not cause interference in the
experimental procedure (hepatotoxicity). Serum was obtained
by centrifugation at 2,000 x g for 10 min (hemolyzed plasma
was discarded) and used for biochemical assays. After this pro-
cedure, animals were sacrificed and liver was removed, dis-
sected, and kept on ice until the time of assay. The liver
samples were homogenized in 10 mM Tris-HCI, pH 7.4 (1/10,
w/v), centrifuged at 2000 x g for 10 min, and the low-speed
supernatants (S1) were separated and used for experiments
except for GSH and GSSG levels.

Measurement of Serum ALT and AST Level

Serum activity of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) was determined photometri-
cally using commercial kit (Labtest™, Diagnostica S.A., Minas
Gerais, Brazil).

Methyl-Tetrazolium (MTT) Reduction Levels

MTT reduction levels were determined as an index of the
dehydrogenase enzymes functions, which are involved in the
cellular viability (Bernas and Dobrucki 2002). Aliquots of liver
51 (200 pL) were added to a medium containing 0.5 mg/mL of
MTT and were incubated in the dark for 1 h at 37°C. The MTT
reduction reaction was quenched by the addition of 1 mL of
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dimethylsulfoxide (DMSQ). The formed formazan levels were
determined spectrophotometrically at 570 nm, and the results
were corrected by the protein content (Mosmann 1983).

Thiobarbituric Acid—Reactive Substances Levels

Lipid peroxidation was determined by measuring thiobarbi-
turic acid reactive substances (TBARS) as described by
Ohkawa et al. (1979). An aliquot (200 puL) of S1 of liver was
mixed with 500 pL thiobarbituric acid (0.6%), 200 pL sodium
dodecyl sulphate (SDS) 8.1%, and 500 pl acetic acid (pH 3.4)
and incubated at 90°C for 1 h. TBARS levels were measured at
532 nm using a standard curve of MDA (malondialdehyde),
and the results were reported as nmol MDA/mg protein.

Measurement of Intracellular Reactive Oxygen Species
Production

2’-7’-Dichlorofluorescein (DCF) levels were determined as an
index of the reactive species production by the cellular compo-
nents (Myhre et al. 2003). Aliquots (20 pl) of liver S1 was added
to a medium containing Tris—-HCl buffer (10 mM; pH 7.4) and 2°-
7°-dichlorofluorescein diacetate DCFH-DA (1 mM). After
DCFH-DA addition, the medium was incubated in the dark for
1 h until fluorescence measurement procedure (excitation at
488 nm and emission at 525 nm, and both slit widths used were
at 1.5 nm). DCF levels were determined using a standard curve
of DCF, and results were corrected by the protein content.

Catalase (CAT) Activity

The measurement of the CAT activity was determined
according to the method proposed by Aebi (1984). An aliquot
of the S1 (40 pl) was added to a medium containing phosphate
buffer (50 mM; pH 7.4) and H,O, (10 mM). The kinetic anal-
ysis of catalase was started after H,O, addition and the rate of
H-0, decomposition was measured spectrophotometrically at
240 nm during 120 seconds. One unit of the enzyme was con-
sidered as the amount of enzyme that decomposes 1 pumol
H,0,/min at pH 7.

Mpyeloperoxidase (MPO) Activity

The MPO enzyme activity was determined in liver Sl
according to the method proposed by Grisham et al. (1986),
with some modifications. Briefly, a sample of the liver S1 pre-
paration (20 pL) was added to a medium containing potassium
phosphate buffer (50 mM; pH 6.0), hexadecyltrimethylammo-
nium bromide (0.5%), and N, N, N°, N’-tetramethylbenzidine
(1.5 mM). The kinetic analysis of MPO was started after
H,0, (0.01%) addition, and the color reaction was measured
at 655 nm at 37°C.

Fluorimetric Assay of Reduced (GSH) and Oxidized
(GSSG) Glutathione

For the measurement of GSH and GSSG levels, we used a
method previously described by Hissin and Hilf (1976).
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Briefly, 250 mg of liver were homogenized in 3.75 mL phos-
phate—EDTA buffer (pH 8) plus 1 mL HPO; (25%). Homoge-
nates were centrifuged at 4°C at 100,000 x g for 30 min, and
the supernatants (S2) were separated in two different aliquots
of 500 pL each for measurement of GSH and GSSG. For GSH
measurement, 500 pL of the supernatant (S2) was diluted in
4.5 mL of phosphate—EDTA buffer (pH 8) (sodium phosphate
100 mM and EDTA 5 mM). The final assay mixture (2.0 mL)
contained 100 pL of the diluted tissue supernatant, 1.800 pL of
phosphate—-EDTA buffer and 100 pL of O-Phthalaldehyde
(OPA) (1 pg/uL). The mixtures were incubated at room tem-
perature for 15 min and their fluorescent signals were recorded
in the RF-5301 PC Shimadzu spectrofluorometer (Kyoto,
Japan) at 420 nm of emission and 350 nm of excitation wave-
lengths. For measurement of GSSG levels, a 250 pL of the
supernatant (S2) was incubated at room temperature with 100
pL of N-ethylmaleimide (NEM) (0.04 M) for 30 min at room
temperature, and after that, 140 pL of the mixture, were added
to 1,760 uL of NaOH (0.1 N) buffer, following of added 100 pL
OPT and incubated for 15 min, using the procedure outlined
above for GSH assay.

Histopathology

Liver tissues of mice (n = 6 per each group) were fixed in
10% formalin. For light microscopy examination, tissues were
embedded in paraffin, sectioned at 4 pm and stained with
hematoxylin and eosin to analysis qualitative of alterations
histopathological.

Protein Estimation

Protein content was measured in fraction S1 by Bradford’s
(1976) method using bovine serum albumin as standard.

Statistical Analysis

Data were analyzed by one-way ANOVA, followed by mul-
tiple comparison test of Newman-Keuls. Differences between
groups were considered significant when p < .05.

ResuLts
Biochemical Assays

The serum concentrations of both AST (A) and ALT (B),
used as markers of liver damage, were significantly greater in
the APAP group. The AST level was 3.66-fold higher and the
ALT level was 14.34-fold higher when compared with the con-
trol group (p < .0001), providing evidence of APAP-induced
hepatotoxicity (Figure 1). The animals treated with (PhSe),
exhibited ALT and AST levels similar to those of the control
group and significantly lower levels of both AST and ALT
when compared with the APAP group (p < .0001) (Figure 1),
indicating a reduction in tissue damage.
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Mitochondrial Dehydrogenases Activity Reduction
Levels

The MTT reduction assay showed that APAP caused severe
cellular injury, reducing cell viability by 50% compared to that
of the control group (p < .0001) (Figure 2). Additionally, we
observed that the treatment with (PhSe), minimized the toxic
effects of APAP, with a significant increase in the cell viability
when compared with the APAP group (p < .0001). There was
no difference in cell viability between the (PhSe), group and
the control group, demonstrating that the treatment was able
to protect against the damage caused by APAP.

Thiobarbituric Acid Reactive Substance Levels

The administration of a toxic dose of APAP caused a signif-
icant increase in LPO, as determined by the increase in TBARS
level (3.8-fold higher than the control group) (p < .0001), indi-
cating damage caused by oxidative stress (Figure 3). Treatment
with (PhSe), significantly reduced the APAP-induced

1 U
APAP  APAP + (PhSe),

Control

(PhSe),

Figure 3.—Effects of the administration of APAP and treatment with
(PhSe), in the production of TBARS. Data are reported as mean + SD
of 6 animals per group. Significance was assessed by one-way analysis
of variance (ANOVA), followed by Newman-Keuls’s test for post hoc
comparison. *Indicates p < .05 as compared to the control group.
"Indicates p < .05 as compared to the APAP group.

formation TBARS (p < .0001), keeping these levels at baseline
and indicating a marked reduction in oxidative stress.

Analysis of Oxygen Reactive Species Production

Figure 4 shows that the intoxication with APAP caused an
increase in the intracellular levels of reactive species, as evi-
denced by the increase in the production of DCF when com-
pared to the control group (1.61-fold higher) (p < .0032).
Treatment with (PhSe), effectively reduced the formation of
intracellular reactive species when compared to the APAP
group (p < .0032), keeping the formation of DFC at the basal
level and reducing the damage caused by reactive oxygen spe-
cies (ROS).
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Myeloperoxidase Activity

Toxic doses of APAP initiated an inflammatory process, as
evidenced by the marked increase in MPO activity when com-
pared with the control group (18.7-fold higher) (p < .0001)
(Figure 5). The group treated with (PhSe), showed a significant
reduction in MPO activity when compared with the APAP group
(p <.0001). No difference in MPO activity was found in treated
group when compared with the control group (Figure 5), demon-
strating a reduction in inflammatory processes.

Catalase Activity

No significant difference in catalase activity was seen
between treatment groups (data not shown).

Control  (PhSe)2 APIAP APAP + (PhSe)2
Ficure 6.—Effects of the administration of APAP and treatment with
(PhSe); in the levels of GSH (A), GSSG (B), and ratio GSH/GSSG
(C). Data are reported as mean + SD of six animals per group. Signif-
icance was assessed by one-way analysis of variance (ANOVA), fol-
lowed by Newman-Keuls’s test for post hoc comparison. *Indicates p
<.05 as compared to the control group. “Indicates p < .05 as compared
to the APAP group.

Glutathione and Glutathione Disulfide Levels

An important factor associated with APAP-related toxicity
is the decrease in GSH levels resulting from the generation
of the APAP metabolite NAPQI. Figure 6 illustrates that the
administration of APAP markedly decreased the GSH level
relative to that in the control group (2.68-fold less) (p <
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.0001) and also decreased the GSSG levels (4.47-fold less than
the control group) (p < .0005). Treatment with (PhSe), pre-
vented the APAP-induced depletion of GSH observed in the
APAP group (p < .0001) and maintained both the GSH and
GSSG levels at baseline when compared with the control
group, indicating an improvement in the antioxidant defense
system. The GSH/GSSG ratio did not differ between groups.

Histopathology

A histopathological assessment of the liver was performed
for all groups. The livers of mice in the control (Figure 7A) and
(PhSe), (Figure 7B) groups showed normal, well-defined histo-
logical structures with the absence of hepatocellular injury,
fibrosis, and necrosis. The histopathological analysis of the
livers from mice in the APAP group (Figure 7C) revealed
signs of toxicity, with severe morphological changes and the
presence of sinusoidal congestion (SC), vacuolar degenera-
tion (VD) and nuclear pyknosis (NP), and the disorganization
of the hepatic laminae. In contrast, the animals treated with
(PhSe), (Figure 7D) exhibited a reduction in the APAP-
induced changes, with less sinusoidal congestion, vacuolar
degeneration, and nuclear pyknosis and the preservation of
the hepatic laminae.

Discussion

In this study, we evaluated the ability of (PhSe), to protect
against APAP-induced acute hepatic failure. Several studies
have indicated that oxidative stress is an important factor in the
development of APAP-associated hepatotoxicity (Bajt et al.
2004; Ghosh and Sil 2007), and GSH plays a key role in detox-
ification and the prevention of APAP toxicity in the liver
(Nelson 1990; Richie, Lang, and Chen 1992). Both oxidative
stress and LPO are early events associated with the generation
of free radicals during the metabolism of APAP (Knight et al.
2001; Manov, Hirsh, and Tancu 2002). Morcover, toxicity
from APAP can initiate an inflammatory process and increase
tissue damage (Laskin and Laskin 2001; Luster et al. 2001). In
our study, the administration of high doses of APAP resulted
in the development of liver damage, oxidative stress, and
inflammation, which were evidenced by increased LPO,
increased levels of ROS, hepatic necrosis, and elevated levels
of MPO activity. Treatment with (PhSe), in our study was
able to reduce, in part or totally, the damage induced by an
overdose of APAP.

To verify the damage caused by APAP administration, we
analyzed the activity of serum aminotransferases. The increases
in the serum ALT and AST activities were a result of cell dam-
age or changes in membrane permeability, indicating that the
liver damage was severe (Molander, Wroblewski, and Ladue
1955). In the group given APAP, we observed an increase in the
serum AST and ALT levels. We also observed a reduction in
hepatic cell viability based on the MTT assay, indicating severe
tissue damage. The results obtained for the animals treated with
(PhSe), show that (PhSe), was able to effectively decrease the
severity of the APAP-induced tissue insult, as evidenced by the
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low levels of ALT and AST and the recovery of the cell viability,
which indicated less hepatic damage.

(PhSe), is a compound with GPx-like activity and various
other pharmacological properties (Borges et al. 2006;
Nogueira, Quinhones, et al. 2003; Nogueira, Zeni, and Rocha
2004). (PhSe), can prevent LPO induced by various pro-
oxidants (Borges et al. 2006; Branddo, de Oliveira, and
Nogueira 2010; Rossato et al. 2002). In this study, animals
intoxicated with APAP had high levels of TBARS, indicating
increased LPO. (PhSe), was able to significantly reduce the
LPO induced by APAP (based on the TBARS assay), which
contributed to the maintenance of the integrity of cell mem-
branes and tissue homeostasis. The estimate of ROS production
using DCF showed that high doses of APAP promoted an
increase in the generation of ROS. Treatment with (PhSe),
resulted in a significant reduction in the generation of ROS and
consequently reduced the damaging effects of ROS in mouse
livers. These data reinforce the relationship between the toxi-
city of APAP and oxidative stress and also demonstrate the
ability of (PhSe), to reduce the damage from oxidative stress
induced by an overdose of APAP.

In addition to the well-characterized mechanism of direct
APAP-induced hepatotoxicity, liver damage may also result
from the disruption of the hepatic vasculature. APAP may gen-
erate perturbations in the endothelium, gap formation, and the
coalescence of fenestrae. Subsequently, the sinusoid may col-
lapse or disintegrate, reducing blood flow (Ito et al. 2003;
McCuskey 2008; McCuskey et al. 2005). In our study, the his-
topathological analysis showed that an APAP overdose can
cause severe damage in the liver. In the APAP group, we
observed a disorganization of hepatic laminae with changes
in the hepatic sinusoids and cords. The presence of sinusoidal,
microvascular, portal, and centrilobular congestion (data not
shown) is also indicative of a circulation backflow. Treatment
with (PhSe), was effective in attenuating the damage caused by
APAP in hepatic tissue, showing an improvement in the preser-
vation of tissue structures with respect to the APAP group. An
APAP overdose can also lead to an inflammatory response
(James, Mayeux, and Hinson 2003). The enzyme MPO, which
is present in neutrophils, is involved in the formation of ROS
and in inflammatory processes. Myeloperoxidase can react
with hydrogen peroxide and chloride anions to form free
radicals and oxidizing agents (Lau and Baldus 2006; Podrez,
Abu-Soud, and Hazen 2000). We found that animals that
received an overdose of APAP showed a marked elevation in
MPO activity, indicating the progression of an inflammatory
process in liver tissue. The animals treated with (PhSe),
showed a significant reduction in MPO activity, demonstrating
reduced inflammation induced by APAP. These animals also
exhibited reduced formation of reactive species, contributing
to the decrease in tissue damage. Previous studies have sug-
gested that the anti-inflammatory action of (PhSe), involves
molecular mechanisms, such as the inhibition of protein kinase
C (PKC); nitric oxide cell signaling; and inflammatory media-
tors, such as prostaglandins, bradykinin, and excitatory amino
acids (Nogueira, Quinhones, et al. 2003; Savegnago et al.
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FiGure 7.—Liver from a control (A), with no changes and hepatocytes around the central vein (CV) arranged in cords separated by sinusoids. The
sections from liver (PhSe), (B) showed normal histological appearance of the liver with hepatocytes adjacent to centrolobular vein (CV) with
preserved architecture. APAP group (C) with histopathologic changes in liver showed nuclear pyknosis (NP), vacuolar degeneration (VD), sinu-
soidal congestion (SC), and disorganization of hepatic laminae. The sections from liver treated group (D) showed nuclear pyknosis (NP) and less
vacuolar degeneration. Arrow red—hepatocytes, arrow blue—sinusoids, Figures A1-D1 (H&E stain 10x) and Figures A2-D2 (H&E stain 40 x).
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2007). The findings of this study confirm that (PhSe), may be
an effective anti-inflammatory agent for the treatment of acute
hepatic failure induced by APAP.

The primary toxic effect of APAP is a result of its metabo-
lite, NAPQI, which conjugates with GSH prior to excretion.
The elevation of the level of NAPQI leads to depletion of
hepatic GSH and to subsequent tissue damage (Jaeschke,
Knight, and Bajt 2003; James, Mayeux, and Hinson 2003).
GSH plays an important role in cellular redox homeostasis
and is central to the antioxidant defense system (Circu and
Aw 2010). In this work, APAP caused a marked reduction
in the GSH level due to depletion by NAPQI, consequently
reducing the GSSG level. The mechanisms involved in the
antioxidant activity of (PhSe), are not entirely clear. Research
has indicated that the antioxidant activity of (PhSe), is due in
part to its GPx-mimetic action, which implies a concomitant
consumption of GSH (Brandao, de Oliveira, and Nogueira
2010; Ogunmoyole et al. 2009). Our study showed that
(PhSe), has a satisfactory antioxidant action and is able to
reduce the amount of damage caused by APAP-induced oxi-
dative stress; however, there was no difference in the level
of GSH between the treated animals and those that received
(PhSe), alone. Rosa and colleagues (2007) showed that low
doses of (PhSe),, as used in this study, did not alter the levels
of GSH in liver and other tissues in mice. The effects obtained
from treatment with (PhSe), could be result of a chemical
reaction between (PhSe), and NAPQI, reducing the accumu-
lation of this metabolite in liver tissue and consequently
reducing the depletion of GSH levels and other toxic effects;
these effects could also be due to an antioxidant action of
(PhSe), (Li et al. 1994). Wilhelm et al. (2009) showed that
pretreatment with (PhSe), was able to prevent APAP-
induced hepatic damage, inducing a reduction in the level
of oxidative damage associated with this process. In the pres-
ent study, we evaluated the use of (PhSe), as a therapeutic
treatment for intoxication with APAP. We observed that the
administration of (PhSe), one hour after the animals had been
given an overdose of APAP resulted in significant improve-
ments in both biochemical and histopathological parameters.
In addition to the reduction in the level of oxidative damage,
we observed a restoration of the GSH level and a reduction in
the level of inflammatory process.

Finally, we conclude that (PhSe); significantly reduced the
acute hepatic failure induced by APAP, decreasing the damage
caused by oxidative stress and inflammation and reducing the
extent of the histopathological changes. These results suggest
that this compound is a promising potential therapeutic agent
for acute hepatic failure. However, more studies are needed
to better understand the mechanisms by which (PhSe), reverses
the effects of APAP.
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4 CONCLUSAO

Neste estudo podemos observar que a administracdo de uma dose toxica de APAP
ocasionou um dano hepatico agudo severo. Foi observada uma reducdo acentuada dos niveis
de GSH, o que era esperado pelo processo de metabolizacdo da droga e formacdo do NAPQI.
O dano no tecido hepético foi evidenciado pelo aumento na atividade das enzimas AST e
ALT, pela reducdo da viabilidade celular e pela andlise histopatogica. A intoxicagdo com
APAP ocasionou um aumento nos niveis de peroxidacdo lipidica e da formacdo de espécies
reativas, demonstrando que a hepatotoxicidade do APAP estd relacionado com o
desenvolvimento de estresse oxidativo. Também foi observado um aumento da atividade da
enzima MPO indicando o desenvolvimento de processo inflamatério. O (PhSe), demonstrou
acdo antioxidante, evidenciado pela melhora dos marcadores de estresse oxidativo. Também
foi habil em manter os niveis de GSH. O (PhSe), foi eficaz em reduzir a atividade da MPO
indicando uma acao anti-inflamatoria. Ele promoveu uma manutencdo do tecido hepatico,
demostrada pela reducdo dos marcadores de lesdo hepética e pela analise histopatologica.
Portanto o tratamento com (PhSe), mostrou-se eficaz em reduzir e os efeitos hepatotdxicos

gerados pelo APAP.
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5 PERSPECTIVAS

Tendo em vista os resultados obtidos neste trabalho, as perspectivas para 0s proximos
estudos sdo:

e Determinar os mecanismos pelo qual o (PhSe), foi capaz de reduzir os efeitos
toxicos do APAP.

¢ Realizar um estudo comparativo entre o tratamento com (PhSe), e a NAC e a
associacdo entre eles.

e Auvaliar quais os efeitos do APAP sobre as mitocéndrias hepaticas e qual a acéo
do (PhSe),.
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